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  摘要 
2 
 
第五章介绍了如何使用广义 Fock 算符作为 Hamitonian 算符的近似，构造近






第六章说明了如何将 GPU 计算技术应用于 XMVB 软件包，并成功地将
XMVB 中较为耗时的积分变换子程序移植到 GPU 上运行。为了让移植后的
CUDA-C语言编写的子程序能正确地与 Fortran语言编写的XMVB软件包的其它
部分编译到一起，实现时使用了 Fortran-C 混合编译技术。测试结果表明，移植




















The valence bond(VB) theory has attracted chemists owing to its advantages of 
conceptual intuition and its ability of capturing the most important characters of 
chemical bonding. However, due to the usage of non-orthogonal orbitals, the 
computational cost of the VB method is large. This limits the application of the VB 
method. At the same time, the development of the computer science and technology 
greatly changes people’s life and brings new possibility to computational chemists. 
Calculations which are dreams before come true due to the performance improvement 
of the CPU. This work focuses on making full use of the computer techniques, 
including the automatic code generation technique and the GPU computation 
technique, to improve the performance of the VB method, especially the orbital 
optimization process. 
In Chapter 1, a brief introduction to the VB theory is presented. 
In Chapter 2, after a brief introduction to tensor analysis, the nonorthogonal 
orbital based second quantization technique and reduced density matrices theory, 
together with the enhanced Wick’s theorem and its graphical representation, are 
discussed. 
In Chapter 3, the design and implementation of the automatic formula/code 
generator are illustrated. A formula/code generator, is developed with Python to 
generate the formulas for Hamiltonian matrix elements between internally contracted 
excited configurations of VB wave function and the corresponding codes 
automatically. Compared to manual formula deducing and implementing, which is a 
tedious work, the automatic formula/code generator is much more efficient, and 
enables us to avoid troublesome debugging. 
In Chapter 4, by using the formula/code generator, the formulas and codes for 
matrix elements of the VBSCF Hessian are generated automatically and a new orbital 
optimization method, the Newton method, is implemented. Test calculations show 
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